(19) 



Europ* scries Patentarrrt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 922 666 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) 


Date of publication: 


(51) 


Int. CI 6 : C01B 3/48 




16.06.1999 Bulletin 1999/24 








(86) 


International application number. 


(21) 


Application number: 97928525.1 




PCT/JP97/02265 


(22) 


Date ot filing: 30.06.1997 


(87) 


International publication number: 








WO 98/00361 (08.01.1998 Gazette 1 998/01 ) 


(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH DE DK ES Fl FR GB GR IE IT U LU MC 




KUDO, HrtOShi 




NL PT SE 




Hirakata-shi, Osaka 573 (JP) 








YAMAGA, Noriyuki 


(30) 


Priority 28.06.1996 JP 1 7048396 




Hirakata-shi, Osaka 573 (JP) 


(71) 


Applicant: 




SHINAGAWA, Mikio 




Neyagawa-shi, Osaka 572-001 3 (JP) 




MATSUSHITA ELECTRIC WORKS, LTD. 






Kadoma-shi Osaka 571 (JP) 


(74) 


Representative: 








VOSSIUS & PARTNER 








Siebertstrasse 4 








81675 Munchen (DE) 



CO 
CO 
CO 

C\J 
CM 
<J> 

o 
a. 

LU 



(54) MODIFICATION APPARATUS 

(57) This reforming apparatus is provided with a raw 
material reforming unit including a heat source for gen- 
erating heat when a fuel gas is burnt and adapted to 
reaction heat directly from the heat source, steam- 
reform a material, and produce a reformed gas contain- 
ing hydrogen as a main component, a shift reaction unit 
for reducing by a water shift reaction the amount of CO 
contained in the reformed gas produced in the raw 
material reforming unit, a CO oxidation unit adapted to 
further reduce the amount of CO contained in the 
reformed gas after the process in the shift: reaction unit, 
by oxidazing the same. These units are united as inde- 
pendent units. These raw material reforming unit, shift 
reaction unit and CO oxidation unit are arranged so that 
the shift reaction unit and the CO oxidation unit are indi- 
rectly heated by the heat transmitted from the heat 
source of the raw material reforming unit. The indirect 
heating is conducted by a method of heat transmission 
in solid by which heat is transmitted from the outer faces 
of the combustion chamber via an intermediate mem- 
ber, a method utilizing radiant heat, and a method utiliz- 
ing heat of a combustion exhaust gas discharged from 
the combustion chamber. Since this reforming appara- 
tus is provided with these three independent reaction 
sections united together, it can be miniaturized, and the 
heat from the heat source can be utilized effectively, and 
the controlling of temperature in the reaction sections 
can be done excellently. 
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Description 
Technical Field 

[0001] The present invention relates to a reforming 5 
apparatus which is used for preparing a reformed gas 
containing hydrogen as a principal component, by 
steam-reforming an alcohol such as methanol and the 
like, a hydrocarbon such as methane, butane and the 
like or a fossil fuel such as naphtha, LNG and t^e I'ke, *o 
as a raw material to be reformed More particularly, the 
present invention relates to a reforming apparatus capa- 
ble of decreasing the concentration of carbon monoxide 
contained in the resultant reformed gas after steam ref- 
ormation, to a level of about several tens ppm. is 

Background Art 

[0002] Conventionally, a reforming apparatus, that 
performs steam reformation of a raw material to be 20 
reformed and produces a reformed gas containing 
hydrogen as a principal component, has been known. 
One of applications of the reformed gas is a fuel utiliza- 
ble to generate electricity in a fuel cell but, in this case, 
since the carbon monoxide is poisonous to electrodes 2* 
of the fuel cell, it is desired that the content of carbon 
monoxide (CO) in the reformed gas should be removed 
to a level of 100 ppm or less. Therefore, CO is removed 
from the reformed gas by employing, after the step of 
steam-reforming the raw material, a step of degreasing 30 
the concentration of CO in the resultant reformed gas by 
water-gas-shift reaction and a step of further degreas- 
ing the concentration of CO in the resultant reformed 
gas by selectively oxidizing CO, as disclosed in J PA HE! 
5-251,104 However, conventional I y, since the three 35 
reaction steps mentioned above is performed sepa- 
rately in respective apparatuses, a reforming system as 
a whole tends to be balky. In addition, since heat 
sources for providing with heat of reaction are needed 
separately in respectively reaction steps, the heat loss 40 
is large. Therefore, in the conventional reforming appa- 
ratus, it has been desired to lower the heat loss and to 
reduce the size. 

[0003] On the other hand, a prior art reforming appa- 
ratus designed to reduce the size thereof is disclosed in 45 
JPA HEI 7-126,001. Referring to this reforming appara- 
tus, the reforming apparatus includes a reformation 
treating layer having a reforming reaction unit or sec- 
tion, a shift reaction unit and a CO oxidation unit, all 
arranged in series with each other along the direction of 50 
flow of gas, and a combustion gas flow path layer 
through which combustion gas coming from a combus- 
tion part passes, and has a structure in which the refor- 
mation treating layer and the flow path layer are 
alternatively positioned side by side above the combus- 55 
tion part Thus, since the above three reaction units in 
mis reforming apparatus are provided with heat from the 
combustion gas flow path layer, the reforming apparatus 
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can make good use of heat in the combustion part. Also, 
since the reforming apparatus has the three reaction 
units built in one apparatus, downscaling is easy to 
accomplish. 

[0004] However, the prior art reforming apparatus 
involves a problem that each of the reaction unit can not 
be suitably controlled temperature. That is, it is known 
that a catalytic reactions takes place in all of the above 
three reaction units and that there is a range of reactive 
temperature required in each of the reactions that take 
place respectively in the three reaction units. The range 
of reactive temperature of steam reforming reaction, 
which varies according to the kind of the raw material, 
for example, is about 400 to 1000°C, preferably. 600 to 
900°C. when the raw material is a hydrocarbon such as 
butane, and also 250 to 400°C when the raw material is 
methanol. On the other hand, The range of reactive 
temperature required by the water-gas-shift reaction or 
the CO selective oxidation reaction does not vary so 
much according to the kind of the raw material, and the 
range of reaction temperature required by the water- 
gas-shift reaction is generally about 200 to 350°C and. 
preferably, 220 to 300°C. and that required by the CO 
selective oxidation reaction is generally about 100 to 
250°C. preferably. 120 to 180°C. In general, the range of 
reactive temperature decreases in the order of that in 
the reforming reaction unit, that in the shift reaction unit, 
that in the CO oxidation unit. Therefore, it is necessary 
to control the temperature in each reaction unit so as to 
be in the above respective range of reactive tempera- 
ture. However, the reforming reaction unit and the shift 
reaction unit in the above prior art reforming apparatus 
do not separate from each other, but continued unitarily, 
that is. they are functionally distinguished in that the 
form of reaction changes from the steam reforming 
reaction onto the water-gas-shift reaction as the tem- 
perature of the reformed gas lowers. For this reason, 
even though this reforming apparatus is capable of 
effectively performing the steam reformation of metha- 
nol which requires a small difference between the 
reforming temperature and the shift reaction tempera- 
ture, the steam reformation of hydrocarbons tends to 
exhibit a temperature diverting from the required tem- 
perature range during a transit from the reforming unit to 
the shift reaction unit and, therefore, a problem would 
arise with the hydrocarbon such as butane of which 
reactive temperature range during the steam reforming 
reaction is high. Also, since the prior art reforming appa- 
ratus has a laminated structure that the reformation 
treating layers and the combustion gas flow path layers 
alternate sidewise. the same reaction units tend to have 
a varying temperature depending on the position in the 
laminated structure, and specifically, a temperature dif- 
ference between a position near to the outer periphery 
of the apparatus and a center position of the apparatus 
tends to be considerable large because the position 
near to the outer periphery of the apparatus is cooled by 
the air outside. Particularly, this varying temperature 
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becomes problematic in the CO oxidation unit which has 
a narrow range of reactive temperature. Thus, when it 
occurs that some of the reaction units have a tempera- 
ture diverting from the required temperature range, 
there is a fear that the hydrogen content in the resultant 5 
reformed gas lowers and the CO concentration would 
not be sufficiently lowered. 

Disclosure of the Invention 

[0005] The present invention is capable of solving the 
problem inherent in the foregoing reforming apparatus 
according to prior art and has for its object to provide a 
reforming apparatus which can be downscaled by inte- 
grating the reforming reaction unit, the shrft reaction unit is 
and the CO oxidation unit together, which can make 
good use of heat from the heat source, and in which the 
temperature of each reaction unit can be favorably con- 
trolled. 

[0006] A reforming apparatus according to the present 20 
invention comprises an integrated structure of three 
separated units including a raw material reforming unit 
including a heat source, that generates heat by combus- 
tion of a fuel gas, and operable to steam-reform a raw 
material to be reformed by directly obtaining heat for the 25 
steam reforming reaction from the heat source to pro- 
duce a reformed gas containing hydrogen as a main 
component, a shift reaction unit for decreasing CO con- 
tained in the reformed gas, that was produced in the raw 
material reforming unit, by water-gas-shift reaction; and 30 
a CO oxidation unit for further degreasing CO contained 
in the resultant reformed gas, that was treated in the 
shift reaction unit, by oxidation. The raw material 
reforming unit, the shi*t reaction unit and the CO oxida- 
tion unit are arranged so that the shift reaction unit and 35 
the CO oxidation unit can be indirectly heated by heat 
transfer from the heat source in the raw material reform- 
ing unit. 

[0007] Since this reforming apparatus includes the 
above three reaction units integrated together, that is, 40 
the raw material reforming unit, the shift reaction unit 
and the CO oxidation unit, a reformed gas removed CO 
can be obtained in this solo apparatus. Therefore, it is 
not necessary to specially provide a process for remov- 
ing CO and, hence, it is capable of downscaling the sys- as 
tern as a whole. Also, since these reaction units are 
independent from each other and, moreover, the steam 
reforming reaction requiring the highest temperature 
range is performed under the condition heated directly 
by the heat source in the raw material reforming unit, so 
whereas, the shift reaction unit and the CO oxidation 
unit, that require a lower temperature range than that in 
the raw material reforming unit, are arranged so as to be 
heated indirectly, that is, by heat transfer from the heat 
source, each reaction unit can be controlled corre- ss 
sponding to the required reaction temperature range 
[0008] In the present invention, it is preferable that the 
raw material reforming unit, the shift reaction unit and 
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the CO oxidation unit are concentrically arranged rela- 
tive to each other with at least the CO oxidation unit 
placed on an outer peripheral side of the reforming 
apparatus That is. the concentrical arrangement of the 
raw material reforming unit, the shift reaction unit and 
the CO oxidation unit makes it difficult to occur a bias in 
amount of heat transfer from the heat source and also 
that in amount of heat dissipation to the outside within 
the same reaction unit in the shift reaction unit and the 
CO oxidat'on unit Therefore, a partial temperature dis- 
tribution in the shift reaction unit and the CO oxidation 
unit respectively can be minimized to allow the temper- 
ature control of the shift reaction unit and the CO oxida- 
tion unit to accomplish to the required range of reactive 
temperature. In addition, since of the three reaction 
units at least the CO oxidation unit requires the temper- 
ature thereof to be controlled to the lowest range of tem- 
perature is arranged on the outer peripheral side of the 
reforming apparatus, heat can be easily dissipated from 
the CO oxidation unit, and as the result, the temperature 
of the CO oxidation unit can be easily controlled to the 
low temperature range. Also, it is easy to downscale the 
reforming apparatus as a whole owing to concentric 
arrangement. 

[0009] In the present invention, where the raw material 
reforming unit includes a generally cylindrical combus- 
tion chamber as the heat source and a reforming reac- 
tion unit for steam- reforming the raw material to produce 
the reformed gas. containing hydrogen as a principal 
component, the reforming reaction unit may be concen- 
trically arranged relative to the combustion chamber so 
as to be directly heated, and the shift reaction unit and 
the CO oxidation unit may be concentrically arranged 
relative to the combustion chamber so as to be indi- 
rectly heated. Here, the generally cylindrical shape of 
the combustion chamber, which is not limited to the cir- 
cular cylinder, is to be understood as including a polyg- 
onally-unrted tubular body. Also, a combustion means 
for burning a fuel in the combustion chamber may not be 
limited to specific one, but may include a burner and/or 
a combustion catalyst. 

[001 0] The reforming apparatus includes two modes 
relating to arrangement relation between the combus- 
tion chamber and the reforming reaction unit. One is a 
case where the reforming reaction unit is accommo- 
dated in the combustion chamber (Figs. 23 to 27), 
another is a case where the reforming reaction unit is 
arranged around the combustion chamber in contact 
therewith (Figs 1 to 22) These two cases differ in the 
following point. In the former case, the reforming appa- 
ratus is just only heated from around thereof without 
heat dissipation from a surface thereof. While in the lat- 
ter case, there is heat dissipation from around the 
reforming reaction unit. 

[001 1 ] Preferably an incombustible core is arranged at 
a center of the combustion chamber (Figs 9. 11, 14 to 
17, 21. 22 and 24 to 26) That is. a flow space along 
which a combustion gas flows in the combustion cham- 
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ber is narrowed by the core to increase a flow velocity of 
the combustion gas to thereby increase the efficiency of 
heat exchange with the reforming reaction unit. Prefera- 
bly the core has a low heat capacity so that temperature 
rise of combustion chamber will not be hampered, and 5 
a hollow body is illustrated as an example of the core. 
[001 2] In the present invention, a method for indirectly 
heating the shift reaction unit and the CO oxidation unit 
includes: (1) a method of using heat conduction in solid 
or radiant heat conducted from the outer periphery of ic 
the combustion chamber through an intervening 
medium (Figs. 1 to 7, and 27) and (2) a method of using 
heat of a burned exhaust gas flowing from the combus- 
tion chamber (Figs. 8 to 27). 

[0013] The reforming apparatus in which the shift 15 
reaction unit and the CO oxidation unit are indirectly 
heated by the method (1), may comprise the reforming 
reaction unit arranged around the combustion chamber 
in contact with an outer periphery of the combustion 
chamber and both of the shift reaction unit and the CO 20 
oxidation unit arranged around the reforming reaction 
unit. 

[0014] In this reforming apparatus, the reforming reac- 
tion unit forms the intervening medium, and heat from 
the combustion chamber is transmitted to the shift reac- 25 
tion unit and the CO oxidation unit after having been 
decreased through the reforming reaction unit. Particu- 
larly since the steam reformation performed at the 
reforming reaction unit is an endothermic reaction, heat 
from the combustion chamber decreases as a result of 30 
being consumed in the reforming reaction unit and 
thereafter conducts to the shift reaction unit and the CO 
oxidation unit. Also in this structure, since the reforming 
reaction unit, the shift reaction unit and the CO oxidation 
unit are arranged around the combustion chamber 35 
occupying the center of the reforming apparatus, it is 
effective for decreasing the height of the apparatus. 
[0015] In addition, it is preferable that a partition wall 
having a function of regulating heat transfer is inter- 
posed between the reforming reaction unit and both of 40 
the shift reaction unit and the CO oxidation unit. Here, 
the above partition wall having a function of regulating 
heat transfer is intend to encompass any partition wall 
capable of regulating the temperature of heat to be 
transmitted down to the temperature range required by 45 
the shift reaction unit and the CO oxidation unit by 
decreasing the amount of heat transfer from the reform- 
ing reaction unit so that a residual heat of an unduly 
high temperature in the reforming reaction unit may be 
not transmitted directly to the shift reaction unit and the so 
CO oxidation unit positioned outside thereof. This parti- 
tion wall may comprise heat insulating materials, air 
layer or the like, and an optimum function of regulating 
heat transfer in the partition wall can be obtained by 
suitably selecting the kind of the material and thickness 55 
thereof. In this reforming apparatus, since the amount of 
heat transfer from the reforming reaction unit can be 
regulated by the partition wall, it is easy to control the 



temperature of the shift reaction unit and the CO oxida- 
tion unit. 

[001 6] In addition, a flow path connecting between the 
reforming reaction unit and the shift reaction unit may 
detour outside both of the shift reaction unit and the CO 
oxidation unit. A reformed gas, immediately after 
emerging outwardly from the reforming reaction unit, is 
usually higher in temperature than the required temper- 
ature in the shift reaction unit, but the reformed gas can 
dissipate heat if the flow path connecting between the 
reforming reaction unit and the shift reaction unit 
detours outside of the shift reaction unit and the CO oxi- 
dation unit and, therefore, the reformed gas can be con- 
trolled to a suitable range of temperature. 
[001 7] In addition, it is preferable that the shift reaction 
unit is arranged on a side adjacent a high temperature 
zone of the reforming reaction unit and the CO oxidation 
unit is arranged on a side adjacent a low temperature 
zone of the reforming reaction unit, so as to be in con- 
formity to a temperature distribution within the reforming 
reaction unit (see Fig. 2). 

[001 8] In the present invention, the reforming appara- 
tus, in which the shift reaction unit and the CO oxidation 
unit are indirectly heated by the method (2), may com- 
prise an exhaust chamber in which a burned exhaust 
gas from the combustion chamber directly flows, which 
the exhaust camber is positioned adjacent to and coax- 
ially above the combustion chamber with the shift reac- 
tion unit arranged around the exhaust chamber and with 
the CO oxidation unit arranged around the shift reaction 
unit (see Figs. 8 to 26). 

[001 9] In this reforming apparatus, the exhaust cham- 
ber is heated by a burned exhaust gas, the shift reaction 
unit is heated by heat transferred from around the 
exhaust chamber, and the CO oxidation unit is heated 
by heat transferred from the shift reaction unit. Since at 
this time, the temperature of the burned exhaust gas 
becomes lower than that of the combustion chamber, 
the shift reaction unit can be heated to lower tempera- 
ture than that of the reforming reaction unit, and the CO 
oxidation unit placed outermost of the apparatus can be 
heated to lower temperature than that of the shift reac- 
tion unit. Therefore, the temperature of each reaction 
unit can be controlled to that required by respective 
reaction unit. 

[0020] In this case, it is preferable to form a first air 
intake for introducing the fresh air in between the com- 
bustion chamber and the exhaust chamber (Fig. 12). 
Since the reformed gas immediately after having 
engaged outwardly from the combustion chamber, has 
a temperature as high as the combustion chamber, but 
the temperature of the shift reaction unit can be control- 
led by suitably cooling the burned exhaust gas with the 
fresh air from the air intake to reduce the temperature of 
the exhaust gas before the latter is fed to the exhaust 
chamber 

[0021] Additionally, in this case, it is referable to 
employ a secondary heating means for heating the 
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exhaust chamber (Figs. 16 and 17). The secondary 
heating means can be used tor heating the exhaust 
chamber when the temperature to which the shift reac- 
tion unit is heated is low, and also for preheating the 
shift reaction unit at an early stage of preparation of the 5 
reformed gas. 

[0022] Also, the reforming apparatus may be a con- 
struction that includes an exhaust vent for discharging 
the burned exhaust gas in the exhaust chamber to the 
outside, a shutter means for selectively opening and in 
closing the exhaust vent, a first duct which is separated 
from the exhaust chamber and interposed between the 
shift reaction unit and the CO oxidation unit, and a sec- 
ond duct which is fluid-connected with the first duct and 
arranged around the CO oxidation unit (Fig. 21). In this 15 
reforming apparatus, a burned exhaust gas in the 
exhaust chamber flows to the first duct when the shutter 
means closes the exhaust vent and further flows to the 
second duct. At this time, the shift reaction unit and the 
CO oxidation unit are also heated by the burned 20 
exhaust gas then flowing through the first and second 
duct. On the other hand, when the exhaust vent is 
opened, the burned exhaust gas in the combustion 
chamber flows from the exhaust vent to outside and will 
not flow to the first and second duct Therefore, the tern- 2* 
perature of each of the shift reaction unit and the CO 
oxidation unit can be freely controlled by selectively 
opening or closing the exhaust vent with the shutter 
means. 

[0023] It is preferable to employ a air intake for irrtro- 30 
ducing the fresh air into the second duct (Fig. 22). The 
use of this air intake makes it possible to cool only the 
burned exhaust gas then flowing through the second 
duct with the fresh air introduced into the second duct 
when the exhaust vent is dosed by the shutter means, 35 
and therefore the CO oxidation unit can be more prefer- 
ably controlled as to its temperature. 
[0024] Also, it is preferable to employ an incombustible 
core in the center of the exhaust chamber (Figs. 10, 11, 
1 4 and 15). In this case, an effect similar to that brought 40 
about by the aforementioned core employed in the com- 
bustion chamber can be obtained at the exhaust cham- 
ber. 

[0025] In the reforming apparatus according to the 
present invention, it is preferable that at least one of the 45 
reforming reaction unit, the shift reaction unit and the 
CO oxidation unit is provided on a surface thereof with a 
heat transfer material having a higher heat conductivity 
than that of a material forming the surface (Fig. 15). 
Each reaction unit has a tendency to develop a varying so 
temperature along the direction of flow of the gas. For 
example, the reforming reaction unit has a tendency to 
exhibit a temperature drop on a leeward side thereof 
because of the endothermic reaction taking place 
therein, and the shift reaction unit and the CO oxidation 55 
unit have a tendency to exhibit a temperature rise on the 
respect ve leeward side thereof because of the exother- 
mic reaction taking place therein. The heat transfer 
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material provided on the surface of the reaction unit per- 
forms a role to level off the above difference in tempera- 
ture. 

[0026] Also, in the reforming apparatus according to 
the present invention, the CO oxidation unit may have 
an outer surface thereof provided with a fin for heat dis- 
sipation (Figs. 19 and 20). In the event that the amount 
of heat transfer conducted from the heat source to the 
CO oxidation unit is excessive, heat can be dissipate 
from the fin to control the temperature of the CO oxida- 
tion unit so as to fa!! within the range of reactive temper- 
ature required by the CO oxidation unit. 
[0027] Alternatively, the reforming apparatus in which 
the shrft reaction unit and the CO oxidation unit are indi- 
rectly heated by the method (2), may have a construc- 
tion that includes a main exhaust chamber in which a 
burned exhaust gas from the combustion chamber 
directly flows, a main exhaust vent for directly discharg- 
ing the burned exhaust gas in the main exhaust cham- 
ber to the outside, a shutter means for selectively 
opening and closing the main exhaust vent, a first duct 
which is separated from the main exhaust chamber and 
flu id -connected thereto and is arranged around the 
main exhaust chamber, and a second duct which is 
fluid -connected with the first duct and arranged around 
the first duct wherein the shift reaction unit is placed in 
the first duct and the CO oxidation unit is placed in the 
second duct (Figs. 23 to 26). 

[0028] In this reforming apparatus, when the main 
exhaust vent is closed by the shutter means, the burned 
exhaust gas from the combustion chamber flows 
through the first duct and then through the second duct, 
and the shift reaction unit placed in the first duct and the 
CO oxidation unit placed in the second duct are heated 
by the above burned exhaust gas. On the other hand, 
when the main exhaust vent is opened, the burned 
exhaust gas from the combustion chamber is dis- 
charged mainly from the main exhaust vent through the 
main exhaust chamber and will not flow to the first and 
second duct. At this time, the shift reaction unit and the 
CO reaction unit are heated by heat conduction in solid 
and radiant heat conducted from the main exhaust 
chamber, and also heat of burned exhaust gas flowing 
inside thereof. Thus, during an early running of this 
reforming apparatus before preparation of the reformed 
gas, not only the reforming reaction unit but also the 
shift reaction unit and the CO oxidation unit can be pre- 
heated by previously burning in the combustion cham- 
ber while the main exhaust vent is closed by the shutter 
means. During a steady running of this reforming appa- 
ratus, each reaction unit can be more preferably control- 
led as to its temperature by keeping the main exhaust 
vent in an opened position. 

[0029] This reforming apparatus can include an 
exhaust sub-vent for discharging a burned exhaust gas 
within the first duct to the outstde, and a shutter means 
tor selectively opening and closing the exhaust sub-vent 
(Figs. 21 to 26). In this case when the exhaust sub-vent 
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is kept open while the main exhaust vent is opened, a 
burned exhaust gas slightly flows to the first auct from a 
separating portion between the main exhaust chamber 
and the first duct, and then discharged from the exhaust 
sub-vent. The burned exhaust gas slightly flowing 5 
through the first duct works to heat the shift reaction unit 
to a somewhat higher temperature range than that in 
the CO oxidation unit. Therefore, each reaction unit can 
be more preferably controlled as to its temperature. 
[0030] In addition it is preferable that at ieast one of »o 
the shift reaction unit and the CO oxidation unit is 
formed into a coil-like shape (Figs 23 to 26) In this 
case, because the shift reaction unit and the CO oxida- 
tion unit is formed into a coil-like shape, efficiency of 
heat exchange becomes good when the shift reaction 15 
unit and the CO oxidation are heated by a burned 
exhaust gas. 

[0031 ] Also, it is preferable to form an air feed channel 
for introducing the fresh air into the second duct (Figs 
23 to 26). In this case, the CO oxidation unit can be tern- 2C 
perature-controlled by the fresh air introduced from the 
air feed channel into the second duct into. 
[0032] In the reforming apparatus according to the 
present invention, it is preferable that at least a portion 
of a raw material feed channel for feeding the raw mate- 25 
rial and steam to the raw material reforming unit is 
arranged in a position in which the raw material and the 
steam are preheated by heat from the heat source of 
the raw material reforming unit (Figs 3 to 27) 
[0033] That is. while the raw material reforming unit is 30 
fed with the raw material and steam which are in a state 
of mixture through the raw material feed channel, the 
capability of the raw material feed channel being pre- 
heated facilitates generation of steam from water in the 
raw material feed channel and, therefore, water rather 35 
than steam can be supplied from a source of the raw 
material to the raw material feed channel. This dis- 
penses with necessity of use of a separate steam gen- 
erating apparatus and, consequently, a reforming 
system can be downscaled as a whole. Also, since the 40 
preheating of the raw material feed channel allows the 
raw material and steam to be heated to a temperature 
close to the temperature range required for the steam 
reformation, the reformation reaction in the raw material 
reforming unit can be immediately initiated in an early 45 
state of the raw material reforming unit without the tem- 
perature of a reformation catalyst therein being lowered. 
[0034] Though the method for preheating the raw 
material feed channel is not limited to specified one, 
another preheating method may be employed in which, sc 
for example, at least a portion of the raw material feed 
channel is held in contact with the surface of at least 
one of the reforming reaction unit, the shift reaction unit 
and the CO oxidation unit (Figs. 3 to 6, 8 to 24, and 26); 
at least a portion of the raw material feed channel is ss 
arranged at a position contactabie with the burned 
exnaust gas from the heat source of the raw material 
reforming unit (Fig. 7); or at least a portion of the raw 



material feed channel is arranged at such a position that 
it can be directly heated by the heat source of the raw 
material reforming unit (Figs. 25 and 27). 
[0035] Also, in the reforming apparatus according to 
the present invention, where the heat source of the raw 
material reforming unit generates heat by catalytic com- 
bustion, it is preferable to employ a preheating means 
for preheating the combustion catalyst held in the heat 
source (Fig. 18). In the case of the heat source generat- 
ing heat by catalytic comoustion. tne combustion do not 
start until when temperature of the combustion catalyst 
rises up to some degree but, the combustion reaction 
can start immediately in early time of beginning com- 
bustion if the combustion catalyst is preheated by the 
preheating means in advance. 

[0036] The reforming apparatus according to the 
present invention is particularly effective where the raw 
material to be reformed is employed of a kind which the 
reactive temperature of reformation reaction thereof is 
in a high temperature range. For example, in the case of 
butane used as the raw material, it is necessary that the 
reforming reaction unit is heated to the range of 400 to 
1000 °C; the shift reaction unit is heated to the range of 
200 to 350 °C, and the CO oxidation unit is heated to the 
range of 100 to 250 °C When the reactive temperature 
of the reforming reaction unit is in the high temperature 
range like this case, a difference between reactive tem- 
perature required in the reforming reaction unit and that 
required in the shift reaction unit and the CO oxidation 
unit becomes so large that the temperature control 
thereof becomes difficult to accomplish. However, in the 
reforming apparatus according to the present invention, 
as above mentioned, since the three reaction unit is 
independent from each other and not only is the reform- 
ing reaction unit directly heated from the combustion 
unit, but the shift reaction unit and the CO oxidation unit 
are indirectly heated by heat transfer from the combus- 
tion unit, the temperature of the reforming reaction unit 
can be easily controlled to the high temperature range, 
and that of the shift reaction unit and the CO oxidation 
unit can also be easily controlled to the low temperature 
range. 

Brief Description of the Drawings 
[0037] 

Fig. 1 is a schematic unital view showing a reform- 
ing apparatus according to Embodiment 1 of the 
present invention; 

Fig. 2 is a schematic unital view showing a portion 
of the reforming apparatus according to Embodi- 
ment 2 of the present invention, 
Fig. 3 is a schematic unital view showing a portion 
of the reforming apparatus according to Embodi- 
ment 3 of the present invention; 
Fig. 4 is a schematic unrtal view showing a portion 
of the reforming apparatus according to Embodi- 



6 




11 EP0 922 

ment 4 of the present invention; 
Fig 5 is a schematic unital view showing the 
reforming apparatus according to Embodiment 5 of 
the present invention; 

Fig 6 is a schematic unital view showing the 5 
reforming apparatus according to Embodiment 6 of 
the present invention; 

Fig. 7 ts a schematic unital view showing a portion 
of the reforming apparatus according to Embodi- 
ment 7 of the present invention; \o 
Fig. 8 is a schematic unreal view showing the 
reforming apparatus according to Embodiment 8 of 
the present invention; 

Fig. 9 is a schematic unital view showing the 
reforming apparatus according to Embodiment 9 of is 
the present invention; 

Fig. 10 is a schematic unital view showing the 
reforming apparatus according to Embodiment 10 
of the present invention. 

Fig. 11 is a schematic unital view showing the 20 
reforming apparatus according to Embodiment 1 1 
of the present invention. 

Fig. 12 is a schematic unital view showing the 
reforming apparatus according to Embodiment 12 
of the present invention. 25 
Fig. 13 is a perspective view of the reforming appa- 
ratus according to embodiment 12 
Fig. 14 is a schematic unital view showing the 
reforming apparatus according to Embodiment 13 
of the present invention; 30 
Fig. 15 is a schematic unital view showing the 
reforming apparatus according to Embodiment 14 
of the present invention 

F.g. 16 is a schematic unitai view showing the 
reforming apparatus according to Embodiment 15 35 
of the present invention. 

Fig. 17 is a schematic unital view showing the 
reforming apparatus according to Embodiment 16 
of the present invention. 

Fig. 18 is a schematic unital view showing the 40 
reforming apparatus according to Embodiment 1 7 
of the present invention. 

Fig. 19 is a schematic unital view showing the 
reforming apparatus according to Embodiment 18 
of the present invention, 45 
Fig. 20(A) and Fig. 20(B) are unital views respec- 
tively showing a portion of modified forms of the 
reforming apparatus according to Embodiment 18; 
Fig 21 is a schematic unital view showing the 
reforming apparatus according to Embodiment 19 so 
of the present invention, 

Fig. 22 is a schematic unital view showing the 
reforming apparatus according to Embodiment 20 
of the present invention, 

Fig. 23(A) is a schematic unital view showing the 55 
reforming apparatus according to Embodiment 21 
of the present invention, the apparatus being in a 
starting state. 
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Fig. 23(B) is a schematic unital view showing the 
reforming apparatus according to Embodiment 21 
of the present invention, the apparatus being in a 
state during steady running; 
Fig 24 is a schematic unital view showing the 
reforming apparatus according to Embodiment 22 
of the present invention; 

Fig. 25 is a schematic unital view showing the 
reforming apparatus according to Embodiment 23 
of the present invention; 

Fig 26 is a schematic unital view showing the 
reforming apparatus according to Embodiment 24 
of the present invention; 

Fig. 27(A) is a schematic unital view showing the 
reforming apparatus according to Embodiment 25 
of the present invention, the apparatus being in a 
starting state; 

Fig. 27(B) is a schematic unital view showing the 
reforming apparatus according to Embodiment 25 
of the present invention, the apparatus being in a 
state during steady running. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0038] Hereinafter, the reforming apparatus according 
to the present invention will be described. In the follow- 
ing description, the reforming apparatus is assumed to 
be held upright with top and bottom thereof correspond- 
ing to top and bottom of each figure of the accompany- 
ing drawings. 

Embodiment 1 

[0039] The reforming apparatus according to a first 
preferred embodiment of the present invention will first 
be described. The first embodiment of the present 
invention provides a basic structure of the reforming 
apparatus while a group of the first to seven embodi- 
ments of the present invention make use of component 
parts of the reforming apparatus that are similar to 
those employed in the basic structure according to the 
first embodiment of the present invention. 
[0040] The reforming apparatus according to the first 
embodiment comprises, as shown in Fig. 1, a generally 
cylindrical combustion chamber 1 which serves as a 
heat source, surrounded by a reforming reaction unit 2 
for reforming a steam -reforming a reforming raw mate- 
rial to generate a reformed gas containing hydrogen as 
a principal component The reforming reaction unit 2 is 
in turn surrounded by a shift reaction unit 3 for reducing 
CO, contained in the reformed gas generated by the 
reforming reaction unit 2. by the water shift reaction and 
a CO oxidizing unit 4 for oxidising the CO component, 
contained in the reformed gas after treatment in the shift 
reaction unit 3, to thereby further reduce the CO compo- 
nent The reforming reaction unit 2, the shift reaction unit 
3 and the CO oxidizing units 4 are separate units and 
arranged in coaxial relation to each other 
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[0041] The combustion chamber 1 is of a generally 
cylindrical shape and is positioned centrally of the 
reforming apparatus. This combustion chamber 1 has a 
top end opening outwardly and a bottom end accommo- 
dating a burner 9a which serves as a combustion 5 
means 9. It is, however, to be noted that the combustion 
chamber 1 may not be limited to the cylindrical shape, 
but may have a polygonal cross-unit and that the com- 
bustion means 9 may comprise, other than the burner 
9a, any suitable means such as, for example, a catalytic <,o 
combustion means. 

[0042] The reforming reaction unit 2 has an annular 
gas passage defined by an annular layer exterior 
around an outer periphery of the combustion chamber 1 
and filled with a reforming catalyst and is adapted to be is 
heated directly from the combustion chamber 1 . Also, 
the reforming reaction unit 2 is provided with a raw 
material supply path 6 for supplying the reforming raw 
material and the steam. In the first embodiment of the 
present invention, the raw material supply path 6 is con- 20 
nected with a bottom end of the reforming reaction unit 
2 

[0043] The reforming catalyst referred to above is of a 
kind effective to induce a so-called steam reforming 
reaction in which the reformed gas containing hydrogen 25 
as a principal component can be generated by causing 
the reforming raw material and the steam contact each 
other under the elevated temperatures, and may be 
employed in the form of a carrier made of, for example, 
alumina or zirconium, and deposited with metal such as, 3G 
for example, Ni, Rh and/or Ru. The reforming reaction 
unit 2 is of a design in which a gaseous mixture of the 
reforming raw material and the steam can pass through 
interstices among particles of the reforming catalyst, at 
which time the gaseous mixture contacts the reforming 35 
catalyst particles to initiate the steam reforming reaction 
to generate the reformed gas rich of hydrogen. In addi- 
tion to the hydrogen, this reformed gas contain carbon 
dioxide, carbon monoxide, methane and so on. This 
steam reforming reaction is an endothermic reaction 4C 
and a direct heating by the effect of heats from the com- 
bustion chamber 1 therefore provides a reaction heat. 
By way of example, where a gas of a hydrocarbon sys- 
tem is employed for the reforming raw material, the 
steam reforming reaction occurs favorably generally if 45 
the reaction temperature is chosen to be of a value 
equal to or higher than 500°C. The reforming raw mate- 
rial referred to above may comprise a gas of a hydrocar- 
bon system such as, for example, a gaseous methane, 
propane or butane, or alcohol, gasoline, kerosene or so 
naphtha which exhibits a liquid phase at room tempera- 
tures. By way of example, where butane is employed for 
the gaseous raw material, the steam reforming reaction 
referred to above results in generation of the reformed 
gas in which about 70% of hydrogen, about 1 5% of car- ss 
bon dioxide, about 10% of carbon monoxide and several 
percents of methane and others are mixed together 
The heating temperature of this reforming reaction unit 
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2 can be controlled by suitably adjusting the size or the 
like of flames of the burner 9a. 

[0044] The shift reaction unit 3 and the CO oxidizing 
unit 4 are positioned radially outwardly of the reforming 
reaction unit 2 with a partition wall 8 intervening there- 
between. The shift reaction unit 3 is formed in a top 
aloof portion of a gas passage defined by an annular 
layer exteriorly around the reforming reaction unit 2, 
which top aloof portion is communicated with the 
reforming reaction unit 2 and filled with a shift catalyst. 
On the other hand, the CO oxidizing unit 4 is formed in 
a bottom lee portion of the gas passage spaced a dis- 
tance downwardly from the shift reaction unit 3 and filled 
with a CO oxidizing catalyst. A connection between the 
shift reaction unit 3 and the CO oxidizing unit 4 is pro- 
vided with an air supply passage 5 through which air 
can be supplied. In the first embodiment shown, the 
shift reacting unit 3 is arranged exteriorly around a top 
region of the reforming reaction unit 2 with its top com- 
municated with the top of the reforming reaction unit 2. 
whereas the CO oxidizing unit 4 is arranged exteriorly 
around a bottom region of the reforming reaction unit 2 
with its top fluid-connected with a bottom of the shift 
reaction unit 3. The CO oxtdmng unit 4 has a bottom 
provided with a reformed gas discharge passage 7 
through which the reformed gas with the CO component 
having been removed therefrom can be discharged. 
[0045] The shift catalyst referred to above is used to 
reduce the CO content in the reformed gas. generated 
in the reforming reaction unit 2. by the water shift reac- 
tion and may be employed in the form of a carrier made 
of, for example, alumina or zirconium and deposited 
with, for example, Cu, Zn, Fe and/or Cr. In this shift reac- 
tion unit 3 the reformed gas generated in the reforming 
reaction unit 2 contacts the shift catalyst wherefore the 
shift reaction in which the carbon monoxide content in 
the reformed gas react with the steam to generate 
hydrogen and carbon dioxide takes place, and there- 
fore, a major portion of the carbon monoxide contained 
in the reformed gas can reduced down to, for example, 
a density of about 1%. The shift reaction referred to 
above is an endothermic reaction that takes place at a 
temperature lower than the steam reforming reaction 
taking place in the reforming reaction unit 2. By way of 
example, where a hydrocarbon gas is employed as a 
raw material gas for the shift reaction, the reaction takes 
place at a reaction temperature of about 200 to 350°C 
and preferably 220 to 300°C 

[0046] On the other hand, the CO oxidizing catalyst is 
used to selectively oxidize a CO content remaining in 
the reformed gas which has been treated in the shift 
reaction unit 3 and may be employed in the form of a 
carrier made of alumina or zirconium and deposited 
with, for example, Pt and/or Ru. In the CO oxidizing unit 
4, the reformed gas from which the CO content has 
been reduced in the shift reaction unit 3 is, after having 
been mixed with the air (oxygen) supplied through the 
air supply passage 5, brought into contact with the CO 
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oxidizing catalyst so that it can be selectively oxidized to 
generate carbon dioxide which is then removed In this 
CO oxidizing unit 4, the density of the CO content in the 
reformed gas is further reduced down to. tor example, 
about 100 ppm or lower. The oxidizing reaction brought 5 
about by the CO oxidizing cataJyst with the carbon mon- 
oxide is an endothermic reaction which takes place at a 
reaction temperature lower than the shift reaction, for 
example, at a reaction temperature of about 100 to 
250°C and preferably about 1 20 to 1 80°C « ? 

[0047] The partition wall S intervening between the 
reforming reaction unit 2 and both of the shift reaction 
unit 3 and the CO oxidizing unit 4 has a capability of 
self-adjusting thermal conduction, that is, a capability of 
transmitting a controlled quantity of heats from the 15 
reforming reaction unit 2 to the shift reaction unit 3 and 
the CO oxidizing unit 4, without allowing the after-heat 
from the reforming reaction unit 2 to remain excessively 
high before it is transmitted to the shift reaction unit 3 
and the CO oxidizing unit 4, so that the shift reaction 20 
unit 3 and the CO oxidizing unit 4 can be heated to the 
respective reaction temperatures. The partition wall 5 
having such a thermal conductivity self-adjusting capa- 
bility may be in the form of, for example, any known adi- 
abatic layer or a hollow layer and, by suitably adjusting 25 
the material and the thickness thereof, an optimum ther- 
mal conduction adjusting effect can be obtained. 
[0048] Since the reforming apparatus comprises a 
coaxial arrangement of the combustion chamber 1 , the 
reforming reaction unit 2 and both of the shift reaction 30 
unit 3 and the CO oxidizing unit 4 with the combustion 
chamber 1 inside the reforming reaction unit 2, the 
reforming system for providing the reformed gas with 
the CO content removed can be assembled compact- 
Also, since heat from the combustion chamber 1 is con- 35 
sumed by the reforming reaction unit 2 in which the 
steam reforming reaction which is the endothermic 
reaction under the elevated temperatures takes place, 
after-heat of which is transmitted indirectly to both of the 
shift reaction unit 2 and the CO oxidizing unit 4 and, 40 
since the heat from the combustion chamber 1 can thus 
be utilized effectively by the reforming reaction unit 2, 
the shift reaction unit 3 and the CO oxidizing unit 4, the 
loss of heat can be minimized advantageously. In partic- 
ular, since the reforming reaction unit 2 and both of the 45 
shift reaction unit 3 and the CO oxidizing unit 4 are 
coaxial with each other, they can be arranged in equilib- 
rium relatively to the combustion chamber 1 , serving as 
the heat source, without being biased even slightly rela- 
tive to the combustion chamber 1 and, consequently, so 
any possible variation in temperature within the same 
reaction unit can advantageously minimized. In addi- 
tion, heat conducted from the reforming reaction unit 2 
is, after the temperature thereof has been adjusted by 
the partition wall 5 to the proper value, transmitted to the 55 
shift reaction unit 3 and the CO oxidizing unit 4 within 
which the respective reactions take place at a tempera- 
ture lower than that in the reforming reaction unit 2 and, 
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therefore, the respective reaction within the shift reac- 
tion unit 3 and the CO oxidizing unit 4 can take place at 
the properly controlled temperatures. 

Embodiment 2 

[0049] In the next step, a second preferred embodi- 
ment of the present invention will be described. This 
reforming apparatus is of a structure as shown in Fig. 2 
wherein the reforming reaction unit 2 and the shift reac- 
tion unit 3 are connected by a flow path 10 detouring 
outside both of the shift reaction unit 3 and the CO oxi- 
dation unit 4. which is different part from the embodi- 
ment 1. In detail, the shift reaction unit 3 is positioned 
outside the lower part of the reforming reaction unit 2, 
while the CO reaction unit 4 is positioned outside the 
upper part of the reforming reaction unit 2. The upper 
end of the reforming reaction unit 2 and the lower end of 
the shift reaction unit 3 is connected by the detouring 
flow path 10. and a supply exit 7 of the reformed gas is 
provided at the upper end of the CO oxidation unit 4. 
Therefore, in the second embodiment the high tempera- 
ture reformed gas from discharges heat in the detouring 
flow path 7, so that the temperature of the reformed gas 
comes down to a reaction temperature of the shift reac- 
tion unit 3. Then, the reformed gas is supplied to the 
shift reaction unit, by which a good shift reaction may go 
m the shift reaction unit 3 

[0050] The positioning of the shift reaction unit 3 and 
the CO reaction unit 4 outside the reforming reaction 
unit 2 makes the temperature distribution of the shift 
reaction unit 3 and the CO reaction unit 4 corresponded 
to that of the reforming reaction unit 2. That is, the lower 
side of the reforming reaction is a higher temperature 
zone because of nearer situation from a burner 9 in the 
combustion chamber 1 while the upper side is a lower 
temperature zone because of farther situation from the 
burner 9 As explained above, the reaction temperature 
of the shift reaction unit 3 is higher than that of the CO 
reaction unit 4. so that the structure makes it easy to 
control the temperature of the shift reaction unit 3 and 
the CO reaction unit 4. 

Embodiment 3 

[0051] The reforming apparatus according to a third 
preferred embodiment will be described. This reforming 
apparatus is of a structure, as shown in Fig. 3, in which 
a raw material supply path 6 is running from the upper 
side to the lower side of a partition wall 8 interposed 
between the reforming reaction unit 2. the shift reaction 
unit 3 and the CO reaction unit 4. which is a different 
part from the embodiment 1. In this apparatus, mixture 
of raw materials and steam flowing through the supply 
path 6 is preheated by the reforming reaction unit 2 and 
then supplied to the reforming reaction unit 2, so that 
the mixture entering into the reforming reaction unrt 2 is 
easy to be heated to a reaction temperature zone in a 
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good controlled manner In the raw material supply path 
6. water supplied together with raw materials can be 
evaporated so that no steam generator is provided 
therein. 

Embodiment 4 

[0052] The reforming apparatus according to a third 
preferred embodiment will be described This reforming 
apparatus is of a structure, as shown m Fig 4 in which 
the reforming reaction unit 2, the shift reaction unrt 3, 
the CO reaction unit 4 and the raw material supply path 
6 are arranged in an upside-own manner of the third 
embodiment. That is, the shift reaction unit 3 is 
arranged on an outer peripheral side of the lower part of 
the reforming reaction unit 2 while the CO reaction unit 
4 is arranged on an outer peripheral side of the upper 
part of the reforming reaction unit 2. The raw material 
supply path 6 interposed in the partition wall 8 is run- 
ning from the lower side thereof to the upper side 
thereof and connected to the upper end of the reforming 
reaction unit 2. Therefore, in the same manner as the 
third embodiment, the raw material supply path 6 can be 
preheated by heat of the reforming reaction unit 2. Fur- 
ther in the same manner as the second embodiment, 
the shift reaction unit 3 and the CO oxidation unit 4 are 
arranged in conformity to the temperature distribution of 
the reforming reaction unit 2 Accordingly, a better tem- 
perature control can be obtained in each of the units. 

Embodiment 5 

[0053] The reforming apparatus according to a fifth 
preferred embodiment wil! be described. This reforming 
apparatus is of a structure, as shown in Fig 5, in which 
the raw material supply path 6 interposed in the partition 
wall in the third embodiment is attached in a coil pattern 
around the reforming reaction unit 2. The structure is 
sufficient to preheat the raw material supply path 6 and 
is a same function of regulating heat transfer as that of 
the partition wall 8. That is, the mixture of raw material 
and steam can absorb heat from the reforming reaction 
unit 2. by which the heat transfer to the shift reaction unit 
3 and the CO oxidation unit 4 can be regulated. 

Embodiment 6 

[0054] The reforming apparatus according to a sixth 
preferred embodiment will be described. This reforming 
apparatus is of a structure.as shown in Fig, 6. in which in 
the first embodiment the raw material supply path 6 is a 
coil pattern arranged around the outer side of the shift 
reaction unit 3 and the CO oxidation unit 4. The struc- 
ture is sufficient to preheat the raw material supply path 
6 by heat of the shift reaction unit 3 and the CO oxida- 
tion unit 4 Utilization of extra heat from the shift reaction 
unit 3 and the CO oxidation unit 4 for preheating the raw 
material supply path 6 realizes effective use of heat 



source and decreases heat loss. 



Embodiment 7 



5 [0055] The reforming apparatus according to a sixth 
preferred embodiment will be described. This reforming 
apparatus is of a structure, as shown in Fig 7, in which 
in the first embodiment, the reforming reaction unit 2, 
the shift reaction unit 3 and the CO oxidation unit 4 are 

io arranged in an upside-own manner and an introduction 
part of the raw material supply path 6 is arranged in a 
coil pattern and positioned at the upper side of the com- 
bustion chamber 1 while an exit end of the raw material 
supply path 6 is connected to the upper side of the 

15 reforming reaction unit 2. The structure is sufficient to 
preheat the raw material supply path 6 by the exhaust 
gas heat of the combustion chamber 1 , so that utiliza- 
tion of extra heat from the combustion chamber for pre- 
heating the raw material supply path 6 realizes effective 

20 use of heat source and decreases heat loss. 

Embodiment 8 

[0056] The reforming apparatus according to an 

25 eighth preferred embodiment of the present invention 
will be described. The eighth embodiment of the 
present invention provides a basic structure of the 
reforming apparatus while a group of eighth to twentieth 
embodiments of the present invention make use of com- 

30 ponent parts of the reforming apparatus that are similar 
to those employed in the basic structure according to 
the eighth embodiment of the present invention. 
[0057] The reforming apparatus according to the 
eighth embodiment comprises as shown in Fig. 8. a 

35 generally cylindrical combustion chamber 1 arranged 
with its longitudinal axis oriented vertically, and a 
reforming reaction unit 2 in the form of a coil surround- 
ing around and in contact with the combustion chamber 
1. The combustion chamber 1 has an upper portion 

40 formed with an exhaust chamber 14 coaxial with the 
combustion chamber 1 for allowing a combustion 
exhaust gas to flow upwardly therethrough from the 
combustion chamber 1. A shift reaction unit 3 is dis- 
posed so as to surround around the exhaust chamber 

45 14, and a CO oxidizing unit 4 is disposed radially out- 
wardly of the shift reaction unit 3 with an airspace 15 
defined between it and the shift reaction unit 3. 
[0058] The reforming reaction unit 2 has a lower end 
fluid-connected with a raw material supply path 6. This 

so raw material supply path 6 includes a raw material pipe 
6a for the supply of only a reforming raw material there- 
through and a steam pipe 6b for the supply of a steam 
(water) therethrough, both of said pipes 6a and 6b being 
joined together on their length. The steam pipe 6b has a 

55 portion disposed having been coiled around and in con- 
tact with the outer periphery of the reforming reaction 
unit 2 so that it can be preheated by heat evolved from 
the reforming reaction unit 2 
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[0059] The reforming reaction unit 2 has an upper end 
f luid-connected with a lower end of the shift reaction unit 

3 through a connection tube 12. The shift reaction unit 3 
has an upper end fluid-connected with an upper end of 
the CO oxidizing unit 4 through a connection tube 13 5 
This connection tube 1 3 is provided with an air supply 
passage 5 for the introduction of air necessitated by and 

in the CO oxidizing unit 4 

[0060] The combustion chamber 1 is filled therein with 
a combustion catalyst 9b as a combustion means 9 10 
The combustion catalyst 9b may be employed in the 
form of a carrier deposited with, for example, Pt, Ru, Pd 
and/or Rh. The combustion chamber 1 has a lower end 
fluid-connected with a fuel supply passage 1 1 for the 
supply of a fuel and a combustion chamber of ruse in 15 
combustion- This fuel supply passage 1 1 has a hole 1 1 a 
defined at a location adjacent an entrance to the com- 
bustion chamber 1 so that the gaseous fuel can be sup- 
plied uniformly into the combustion chamber 1 It is to 
be noted that in the combustion chamber 1 a burner 20 
may be employed as the combustion means 9. 
[0061] The operation of the reforming apparatus will 
now be described. The gaseous fuel and the air are 
supplied from the fuel supply passage 1 1 into the com- 
bustion chamber 1 and are burned in contact with the 25 
combustion catalyst 9b to emit heat. An exhaust gas 
produced as a result of combustion in the combustion 
chamber 1 is discharged to the outstde through the 
exhaust chamber 14. On the other hand, a mixture of a 
reforming material and a steam is supplied from the raw 30 
material supply path 6 into the reforming reaction unit 2. 
Although the liquid phase is supplied into the steam 
pipe 6b, this liquid phase is preheated by heat evolved 
from the reforming reaction unit 2 to transform into a 
steam which is subsequently mixed with the reforming 55 
raw material. The reforming raw material is transformed 
in the reforming reaction unit 2 into a reformed gas con- 
taining CO and, as the reformed gas flow successively 
through the shift reaction unit 3 and the CO oxidizing 
unit 4, the CO component is removed to provide a 40 
reformed gas that is subsequently delivered outwardly 
from the reformed gas discharge passage 7. At this 
time, the reforming reaction unit 2 is directly heated 
from the combustion chamber 1 and is then controlled 
to attain the maximum possible temperature whereas 45 
the shift reaction unit 3 is heated from the exhaust 
chamber 14, in which the combustion exhaust gas 
flows, and is controlled to a temperature lower than that 
of the reforming reaction unit 2 and, on the other hand, 
the CO oxidizing unit 4 is heated by a heat conduction 50 
from the shift reaction unit 3 and is controlled to a tem- 
perature lower than that of the shift reaction unit. In this 
way, the reforming reaction unit 2 is directly heated and 
both of the shift reaction unit 3 and the CO oxidizing unit 

4 are heated indirectly, wherefore a favorable tempera- 55 
ture control is possible and, since these reaction units 
are coaxially arranged with respect to each other a tem- 
perature variation is minimized. It is to be noted that the 
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control of the temperature of the CO oxidizing unit 4 can 
be facilitated if a cooling air is applied by, for example, a 
fan disposed externally. 

Embodiment 9 

[0062] In the next step, a ninth preferred embodiment 
of the present invention will be described. This reform- 
ing apparatus is of a structure as shown in Fig. 9 
wherein in the eighth embodiment an inflammabJe core 
16 is disposed centrally within the combustion chamber 
1 This core 16 has a hollow and has a small heat 
capacity. Because of the presence of the core 1 6. a gas 
flow passage inside the combustion chamber 1 is con- 
stricted to allow the flow to be accelerated, wherefore 
the efficiency of heat exchange between the reforming 
reaction unit 2 and the combustion gas can be 
increased. Also, since the reforming reaction unit 2 is 
heated mainly by the combustion gas flowing around 
and in the vicinity of the combustion chamber 1 and the 
combustion gas flowing centrally within the combustion 
chamber 1 does not participate so much in heating the 
reforming reaction unit 2 and has a high possibility of 
being discharged outwardly from the combustion cham- 
ber 1 , the heat loss can be reduced by allowing the core 

1 6 to occupy a central region of the combustion cham- 
ber 1 to thereby concentrate the flow of the combustion 
chamber around and in the vicinity of the combustion 
chamber 1 . 

Embodiment 10 

[0063] The reforming apparatus according to a tenth 
preferred embodiment will be described. This reforming 
apparatus is of a structure, as shown in Fig. 1 0. in which 
in the eighth embodiment an inflammable core 1 7 is dis- 
posed centrally within the exhaust chamber 4. This core 

1 7 has a hollow and has a small heat capacity. The role 
of this core 1 7 is similar to that in the ninth embodiment 
to constrict a gas flow passage inside the exhaust 
chamber 4 for the passage of the combustion exhaust 
gas to allow the flow to be accelerated, wherefore the 
efficiency of heat exchange between it and the shift 
reaction unit 3 can be increased. Also, the core 17 pre- 
vents the combustion gas from flowing into a center 
region of the exhaust chamber 14 which does little par- 
ticipate in heating of the shift reaction unit 3, to thereby 
reduce the heat loss. 

Embodiment 1 1 

[0064] Hereinafter, the reforming apparatus according 
to an eleventh embodiment will be described This 
reforming apparatus is of a structure, as shown in Fig 
1 1 . in which in the eighth embodiment the cores 1 6 and 
17 are disposed centrally within the combustion cham- 
ber 1 and the exhaust chamber 4, respectively. With this 
reforming apparatus, cumulative effects similar to those 
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described in connection with the ninth and tenth embod- 
iments can be obtained. 

Embodiment 12 

5 

[0065] Hereinafter, the reforming apparatus according 
to a twelfth embodiment will be described. This reform- 
ing apparatus is of a structure, as shown in Figs. 1 2 and 
13, in which in the eighth embodiment an air intake unit 
1 8 is disposed between the combustion chamber 1 and >o 
the exhaust chamber 14 for the introduction of an exter- 
nal air. More specifically, this air intake unit 18 includes 
an annular flow passage 1 8 extending around a junction 
between the combustion chamber 1 and the exhaust 
chamber 14, and a circular row of openings 18a open- is 
ing at the junction so that the air drawn from the air 
intake unit 18 can be introduced uniformly into the pas- 
sage for the flow of the combustion exhaust gas through 
the annular flow passage 18 by way of the circular row 
of the openings 18a. In such case, by appropriately 20 
cooling the temperature of the combustion exhaust gas 
of the elevated temperature immediately after emer- 
gence from the combustion chamber 1 . with the exter- 
nal air introduced from the air intake unit 1 8 and then 
supplying it into the exhaust chamber 14 after adjust- zs 
ment of the temperature, the heating temperature of the 
shift reaction unit 3 can be adjusted. It is to be noted that 
in the perspective view of Fig. 13. reference numeral 
11b represents a fuel pipe through which only the gase- 
ous fuel can be introduced into the fuel supply passage 3C 
11, and reference numeral 11c represents an air tube 
through which air for combustion use can be introduced 
into the fuel supply passage. Also, reference numeral 50 
represents a manhole through which a temperature 
detecting means such as. for example, a thermocouple 35 
can be inserted in the reforming reaction unit 2, refer- 
ence numeral 51 represents a thermocouple manhole 
through which a temperature detecting means such as, 
for example, a thermocouple can be inserted in the CO 
oxidizing unit 4, reference numeral 52 represents a ther- 40 
mocouple manhole through which a temperature 
detecting means such as, for example, a thermocouple 
can be inserted in the shift reaction unit 3, and refer- 
ence numeral 53 represents a filling port for the reform- 
ing catalyst. 45 

Embodiment 13 

[0066] A thirteenth embodiment will now be 

described. This reforming apparatus is of a structure, as so 
shown in Fig. 1 4, in which in the twelfth embodiment the 
cores 16 and 17 are disposed centrally within the com- 
bustion chamber 1 and the exhaust chamber 14, 
respectively In this case, cumulative effects similar to 
those described in connection with the eleventh and 55 
twelfth embodiments can be obtained. 



Embodiment 14 

[0067] The reforming apparatus according to a four- 
teenth embodiment will be described hereinafter. This 
reforming apparatus is of a structure, as shown in Fig. 
13. in which in the eleventh embodiment a heat conduc- 
tive material 19 having a higher heat conductivity than 
that exhibited by the material forming a surface of each 
of the reforming reaction unit 2, the shift reaction unit 3 
and the CO oxidizing unit 4 is disposed on such surface 
This heat conductive material 19 serves to uniformalize 
the distribution of temperature in each of the reaction 
units wrth respect to the direction of flow of the gas. In 
other words. In each of the reaction units, the tempera- 
ture difference tends to be created in a direction con- 
forming to the direction of flow of the gas in such a way 
that, for example, since in the reforming reaction unit 2 
an endothermic reaction takes place, the temperature 
on an leeward side tends to lower whereas since in the 
shift reaction unit 4 and the CO oxidizing unit 4 a exo- 
thermic reaction takes place, the temperature on a 
windward side tends to increase. The heat conductive 
material 19 provided on the respective surfaces of the 
reaction units serves to uniformalize this temperature 
difference by heat conduction. The surface material of 
the reaction units, although sufficient if it has a high heat 
conductivity, is used in the form of, for example, stain- 
less steel in view of the fact that a corrosion resistance 
and a durability are required as well and, in contrast 
thereto, the heat conductive material 19 is employed in 
the form of copper or aluminum. Although they are infe- 
rior in that the heat resistance and the strength are 
lower than those of the stainless steel, they are excel- 
lent in heat conductivity 

Embodiment 15 

[0068] The reforming apparatus according to a fif- 
teenth embodiment will be described hereinafter. The 
reforming apparatus is of a structure, as shown in Fig. 
16, in which in the twelfth embodiment the core 16 is 
disposed centrally within the combustion chamber 1 
and a burner 20 as an auxiliary heating means is dis- 
posed within a junction between the combustion cham- 
ber 1 and the exhaust chamber 14 for heating the 
exhaust chamber 14. In this figure, reference numeral 
21 represents an igniter for the burner 20. This burner 
20 is used to heat the exhaust chamber 14 when the 
heating temperature of the shift reaction unit 3 is low 
and can also be used to preheat the shift reaction unit 3 
at an initial stage of formation of the reformed gas 

Embodiment 16 

[0069] The reforming apparatus according to a six- 
teenth embodiment will now be described. This reform- 
ing apparatus is of a structure, as shown in Fig 17, in 
which in the fifteenth embodiment a filling unit for 
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accommodating a combustion catalyst 22 is disposed 
witnm me exhaust cnamoer 14 and a catalyst net 23 
made of a combustion catalyst is provided at an 
entrance to the exhaust chamber 1 4. In this reforming 
apparatus, the burner 20 can be used not only in a man- 5 
ner similar to that used in the fifteenth embodiment, but 
also as an auxiliary heating means for the exhaust 
chamber 14 by initially heating the catalyst net 23 and 
the combustion catalyst 22 by means of flames from the 
burner 20. It is to be noted that for combustion of the to 
combustion cataiyst 22, the burner 20 and the fuei sup- 
plied from the air intake unit 18 and oxygen, remaning 
in the combustion exhaust gas from the combustion 
chamber 1, and air supplied from the air intake unit 18 
are utilized. 15 
[0070] The reforming apparatus according to a seven- 
teenth embodiment will be described subsequently 
This reforming apparatus is of a structure, as shown in 
Fig. 1 8, in which in the eighth embodiment as a preheat- 
ing means for preheating the combustion catalyst 9b 20 
within the combustion chamber 1 a catalyst net made of 
combustion catalyst is provided at an entrance to the 
combustion chamber 1 and an ignition device 24 is pro- 
vided in the fuel supply passage 6. While rf the heat 
generating source in the combustion chamber 1 is a 25 
combustion of the catalyst, no combustion reaction is 
initiated if the temperature of the combustion catalyst 9 
is increased a certain extent, the gaseous fuel is ignited 
by the ignition device 24 to cause the catalyst net 25, 
that is relatively easy to be heated, to initiate the com- 30 
bustion reaction to thereby preheat the combustion cat- 
alyst 9 so that at an initial stage of the beginning of the 
combustion, combustion can he initiated immediately 

Embodiment 18 35 

[0071 ] The reforming apparatus according to an eight- 
eenth embodiment will now be described. This reform- 
ing apparatus is of a structure, as shown in Fig. 19, in 
which in the eighth embodiment cooling fins 26 are dis- 40 
posed around the CO oxidizing unit 4. In such case, the 
temperature control of the CO oxidizing unit 4, that is 
one of the various reaction units which requires a lower 
reaction temperature of all, can be carried out by caus- 
ing heat to be dissipated by the cooling fins 26. 45 
[0072] At this time, the amount of heat dissipated from 
the cooling fins 26 can be adjusted by suitably selecting 
the number and/or length of each fin and/or selecting a 
manner in which a cooling wind is applied. Also, as 
shown in Figs. 20(A) and 20(B), by varying the height of so 
the cooling fins 26 along the direction of flow of the gas 
in the CO oxidizing unit 4, the pattern of distribution of 
temperature within the CO oxidizing unit 4 can be 
redressed. 

55 

Embodiment 19 

[0073] Hereinafter, the reforming apparatus according 



to a nineteenth embodiment will be described. This 
reforming apparatus is of a structure, as shown in Fig. 
21 , in which in the twelfth embodiment, a lid 28 is pro- 
vided at an exhaust port 27, through which a combus- 
tion gas within the exhaust chamber 14 can be 
discharged to the outside, for selectively opening and 
closing the exhaust port 27 and, on the other hand, a 
first duct 29 branched from and communicated with the 
exhaust chamber 14 is defined between the shift reac- 
tion unit 3 and the CO oxidizing unit 4 and a second duct 
30 communicated with the first duct 29 is formed exter- 
nally around the CO oxidizing unit 4 The first duct 29 is 
communicated with an upper end of the exhaust cham- 
ber 14, and the second duct is communicated at a lower 
end with a lower end of the first duct 29. The second 
duct 30 has an upper end open to the outside for dis- 
charge of the exhaust gas. 

[0074] In this reforming apparatus, by closing the 
exhaust port 27 with the lid 28, the combustion exhaust 
gas within the exhaust chamber 14. the combustion 
exhaust gas within the exhaust chamber 14 flows into 
the first duct 29 and then into the second duct 30 and, at 
this time, the shift reaction unit 3 and the CO oxidizing 
unit 4 are heated too by the combustion exhaust gas 
flowing through the first and second ducts 29 and 30. 
respectively. On the other hand, if the exhaust port 27 is 
opened with the lid 28 opened, the combustion exhaust 
gas within the exhaust chamber 14 is discharged to the 
outside through the exhaust port 27 and does not flow 
through any one of the first and second ducts 29 and 30. 
Accordingly, by selectively opening and closing the 
exhaust port 27 with the lid 28, the temperature control 
of the shirt reaction unit 3 and the CO oxidizing unit 4 
can be accomplished as desired. 

Embodiment 20 

[0075] The reforming apparatus according to a twen- 
tieth embodiment will hereinafter be described. This 
reforming apparatus is of a structure, as shown in Fig. 
22. in which in the nineteenth embodiment, an air intake 
unit 31 for introducing an external air into the second 
duct 30 is employed. This air intake unit 31 opens at a 
communication between the first and second ducts 29 
and 30 to introduce the external air thereto. In such 
case, by introducing the external air from the air intake 
unit 31 into the second duct 20, the CO oxidizing unit 4 
can be cooled to accomplish a temperature control 
thereof. 

Embodiment 21 

[0076] The reforming apparatus according to a 
twenty-first preferred embodiment of the present inven- 
tion will be described. This twenty-first embodiment pro- 
vides a basic structure of the reforming apparatus while 
a group of twenty -first to twenty-fourth embodiments of 
the present invention make use of component parts of 
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the reforming apparatus that are similar to those 
employed in the basic structure according to the twenty- 
first embodiment of the present invention. 
[0077] The reforming apparatus according to the 
twenty-first embodiment comprises, as shown in Figs 5 
23(A) and 23(B), a generally cylindrical combustion 
chamber 1 arranged with its longitudinal axis oriented 
vertically, and a reforming reaction unit 2 in the form of 
a coil accommodated coaxially within the combustion 
chamber 1 . The combustion chamber 1 has an upper w 
portion formed with a majn discharge port 36 that is pro- 
vided with a first lid 37 serving as a sluice means for 
selectively opening and dosing the main discharge port 
36. A main exhaust chamber 32 is externally sur- 
rounded by a first duct 33 communicated with the main is 
exhaust chamber 32 through a branch off from the main 
exhaust chamber 32, which duct 33 is in turn sur- 
rounded by a second duct 34 communicated with the 
first duct 33. A shift reaction unit 3 is disposed within the 
first duct 33 and a CO oxidizing unit 4 is disposed within 2C 
the second duct 34. 

[0078] The combustion chamber 1 is filled with a com- 
bustion catalyst 9b serving as a combustion means 9. 
The combustion chamber 1 has a lower end fluid-cou- 
pled with a fuel supply passage 1 1 for supplying there- 25 
through a gaseous fuel and an air for use in combustion. 
This fuel supply passage has a hole 11a defined at a 
location adjacent an entrance to the combustion cham- 
ber 1 so that the gaseous fuel can be supplied uniformly 
into the combustion chamber 1 . It is to be noted that in 30 
the combustion chamber 1 a burner may be employed 
as the combustion means 9. 

[0079] The reforming reaction unit 2 comprises a 
coiled pipe filled with a reforming catalyst and has an 
upper end portion led outwardly from an upper portion 35 
of the combustion chamber 1 and fluid -connected with a 
raw material supply path 6. This raw material supply 
path 6 includes a raw material pipe 6a for the supply of 
only a reforming raw material therethrough and a steam 
pipe 6b for the supply of a steam (water) therethrough, 40 
both of said pipes 6a and 6b being joined together on 
their length. The steam pipe 6b has a portion disposed 
having been coiled around and in contact with the outer 
periphery of the combustion chamber 1 so that it can be 
preheated by heat evolved from the combustion cham- 45 
ber 1 . The reforming reaction unit 2 has a lower end por- 
tion led outwardly from a lower end of the combustion 
chamber 1 and is in turn fluid-connected with a connec- 
tion tube 12 that connects the reforming reaction unit 2 
and the shift reaction unit 3 together. so 
[0080] The shift reaction unit 3 is in the form of a coiled 
pipe filled with a shift catalyst therein and is introduced 
within the first duct 33 so as to extend from bottom to 
top while being wound spirally in the first duct 33. The 
connection tube 12 referred to above is fluid-connected 55 
with a lower end of the shift reaction unit 3. 
[0081 ] The CO oxidizing unit 4 is in the form of a coiled 
pipe filled with a CO oxidizing catalyst therein and is 



introduced within the second duct 34 so as to extend 
from top to bottom while being wound spirally in the sec- 
ond duct 34. The CO oxidizing unit 4 has an upper end 
portion fluid-connected with an upper end portion of the 
shift reaction unit 3 through a connection tube 13. This 
connection tube 13 is provided with an air supply pas- 
sage 5 for the introduction of air necessitated by and in 
the CO oxidizing unit 4. The CO oxidizing unit 4 has a 
lower end portion fluid -connected with a reformed gas 
discharge passage 7 for drawing the reformed gas out- 
wardly therethrough 

[0082] The first duct 33 is communicated at a lower 
end thereof with the main exhaust chamber 32 and at 
an upper end thereof with the second duct 34. Also, a 
sub-discharge port 39 for the discharge of a combustion 
exhaust gas inside it to the outside thereof is provided 
on the upper end of the first duct 33. The second duct 
34 has an outer periphery formed with a third duct 35 
that is communicated with the second duct 34 at a lower 
end thereof. The second and third ducts 34 and 35 have 
their upper ends open to the outside. The second duct 
32 has a lower end provided with an air supply passage 
40 through which an external air is introduced into it. 
[0083] The main discharge port 36 at the upper end of 
the main exhaust chamber 32 is positioned at a level 
somewhat lower than the level of the respective upper 
ends of the first to third ducts. Also, the reforming appa- 
ratus has an upper end provided with a second lid 38 
detachably mounted thereon so as to overlay an upper 
region of the main discharge opening 36 and the 
respective upper ends of the first and second ducts. 
[0084] In this reforming apparatus, respective open- 
ings of the main discharge port 36, the sub-discharge 
port 39 and the upper end of the second duct 34 are 
closed as shown in Fig 23(A) when the first and second 
lids 37 and 38 are simultaneously closed. When while in 
this condition combustion takes place inside the com- 
bustion chamber 1 , the combustion exhaust gas flows 
from the combustion chamber 1 into the first duct 33 so 
as to travel upwardly, then deflected at the upper end 
portion of the first duct 33 so as to travel downwardly 
within the second duct 34 and discharged to the outside 
after having again deflected at the lower end portion of 
the second duct 34 so as to travel upwardly within the 
third duct. At this time, the reforming reaction unit 2 is 
exposed to and hence heated by the combustion gas of 
an elevated temperature within the combustion cham- 
ber 1 , and the shift reaction unit 3 inside the first duct 33 
and the CO oxidizing unit 4 inside the second duct 34 
are heated by the combustion exhaust gas emerging 
outwardly from the combustion chamber 1 . In this way, 
each of the reaction units is preheated. 
[0085] When the first and second lids 37 and 38 are 
opened to open the respective openings of the main dis- 
charge port 36, the sub-discharge port 39 and the upper 
end of the second duct 34 are closed as shown in Fig 
23(B), the combustion exhaust gas from the combustion 
chamber 1 is discharged mainly from the main dis- 
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charge port 36 via the main exhaust chamber 32 and in 
a slight quantity from the sub-discharge port 39 by way 
of the first duct 33. and hence, the combustion exhaust 
gas little flows through the second duct 34. At this time, 
the shift reaction unit 3 is heated by the slight quantity of 5 
the combustion exhaust gas then flowing therethrough, 
radiation and heat transmission in solid from the main 
exhaust chamber 32 and heat evolved in the reforming 
gas itself then flowing therein. Accordingly, the shift 
reaction unit 3 has a temperature controlled to a value m 
iower than that of the reforming reaction unrt 2 On the 
other hand, the CO oxidizing unit 4 is heated by the radi- 
ation and heat transmission in solid from the shift reac- 
tion unit 3 and heat evolved in the reforming gas itself 
then flowing therein. This CO oxidizing unit 4 has a tern- 15 
perature controlled to a value lower than that of the shift 
reaction unit 3 since it is not heated by the combustion 
exhaust gas and. also, the radiation and the heat trans- 
mission in solid have been weakened. Where the tem- 
perature of the CO oxidizing unit 4 is desired to be 20 
controlled to a further lower value, the external air has to 
be introduced from the air supply passage 40 into the 
second duct 34. It is to be noted that the timing at which 
the first and second lids 37 and 38 are opened or closed 
is adjustable as desired 25 
[0086] As described above, with the reforming appa- 
ratus, at the time of initial run of the apparatus before an 
actual production of the reformed gas. both of the 
reforming reaction unit 2 and the shift reaction unit 3 
and the CO oxidizing unit 4 can he preheated by effect- 30 
ing combustion within the combustion chamber 1 while 
the first and second lids 37 and 38 have been dosed, 
whereas during routine run of the apparatus, the first 
and second lids 37 and 38 are opened to allow the tem- 
perature of each of the units to be controlled optimally. 35 

Embodiment 22 

[0087] The reforming apparatus according to a 
twenty-second preferred embodiment of the present 40 
invention will now be described. This reforming appara- 
tus is of a structure in which in the twenty-first embodi- 
ment, an inflammable core 16 is disposed centrally 
within the combustion chamber 1 as shown in Fig. 24. 
Because of the presence of the inflammable core 16. a 45 
gas flow passage inside the combustion chamber 1 is 
constricted to allow the flow to be accelerated, where- 
fore the efficiency of heat exchange between the 
reforming reaction unit 2 and the combustion gas can 
be increased. Also, in the combustion chamber 1, the so 
combustion catalyst 9b is filled only in a lower portion of 
the combustion chamber 1 . In other words, even though 
the combustion catalyst 9b is not filled entirely within the 
combustion chamber 1, the combustion reaction pro- 
ceeds sufficiently and, therefore, the loss of pressure of ss 
the combustion gas can be reduced by elimination of an 
excessive quantrty of the combust on catalyst 9b. 
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Embodiment 23 

[0088] The reforming apparatus according to a 
twenty-third embodiment will be described. This reform- 
ing apparatus is of a structure wherein in the twenty-first 
embodiment, a hollow core 16 is disposed centrally 
within the combustion chamber 1, as shown in Fig. 25, 
so that the hollow of the core 1 6 can be used as the raw 
material supply path 6 for supplying both of the reform- 
ing raw materia! and the steam into the reforming reac- 
tion unit 2. !n this case, not only can both of the 
reforming raw material and the steam be preheated 
within the core 16. but the steam can aJso be generated 
inside the core 16. 

Embodiment 24 

[0089] The reforming apparatus according to a 
twenty-fourth embodiment will be described. This 
reforming apparatus is. as shown in Fig. 26, of a struc- 
ture in which in the twenty-second embodiment the core 
1 6 is used as the fuel supply passage 1 1 so that both of 
the fuel and the combustion air can be supplied to the 
combustion catalyst 9b within the combustion chamber 
1 In this case, since the fuel and the combustion air can 
be supplied to the combustion catalyst 9b within the 
combustion chamber 1 after having been preheated, 
the combustion reaction by the combustion catalyst 9 
can be accelerated favorably 

Embodiment 25 

[0090] The reforming apparatus according to a 
twenty -fifth embodiment will now be described. This 
reforming apparatus comprises, as shown in Figs. 27(A) 
and 27(B), a generally cylindrical combustion chamber 
1 arranged with its longitudinal axis oriented vertically, 
and a reforming reaction unit in the form of a coil accom- 
modated coaxially within the combustion chamber t. 
The combustion chamber 1 has an upper portion 
formed with a main discharge port 41 for the direct dis- 
charge of the combustion exhaust gas from the com- 
bustion chamber 1 to the outside, which port 41 is 
provided with a lid 42 serving as a sluice means for 
selectively opening and closing the main discharge port 
41. The combustion chamber 1 has an outer perimeter 
surrounded by a first duct 43 communicated at a top 
portion of a side wall of the combustion chamber 1 , 
which is in turn surrounded by a Second duct 44 com- 
municated with a lower end portion of the first duct 43. 
A shift reaction unit 3 in the form of a coil is disposed 
within the first duct 43 and a CO oxidizing unit 4 in the 
form of a coil is disposed within the second duct 44. 
[0091 ] The combustion chamber 1 is filled with a com- 
bustion catalyst 9b serving as a combustion means 9. 
The combustion chamber 1 has a lower end fluid-cou- 
pled with a fuel supply passage 1 1 tor supplying there- 
through a gaseous fuel and a combustion air for use in 
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combustion This fuel supply passage 1 1 has a hole 1 1 a 
defined at a location adjacent an entrance to the com- 
bustion chamber 1 so that the gaseous fuel can be sup- 
plied uniformly into the combustion chamber 1 It is to 
be noted that in the combustion chamber 1 a burner 5 
may be employed as the combustion means 9. 
[0092] The reforming reaction unit 2 comprises a 
coiled pipe filled with a reforming catalyst and has an 
upper end portion led outwardly from the upper portion 
of the combustion chamber 1 and fluid -connected with a rc 
raw materia! supply oath 6. This raw materia! supply 
path 6 includes a raw material pipe 6a for the supply of 
only a reforming raw material therethrough and a steam 
pipe 6b for the supply of a steam (water) therethrough, 
both of said pipes 6a and 6b being joined together on is 
their length. The steam pipe 6b has a portion disposed 
having been coiled around and in contact with the outer 
periphery of the combustion chamber 1 so that it can be 
preheated by heat evolved from the combustion cham- 
ber 1 . The reforming reaction unit 2 has a lower end por- 20 
tion fluid -connected with an upper end portion of the 
shift reaction unit 3 through a connection tube that is led 
outwardly from the upper portion of the combustion 
chamber 1 after having extended through a center 
region of the combustion chamber 1 . 25 
[0093] The shift reaction unit 3 is in the form of a coiled 
pipe filled with a shift catalyst therein and is introduced 
within the first duct 43 so as to extend from top to bot- 
tom while being wound spirally in the first duct 43. 
[0094] The CO oxidizing unit 4 is in the form of a coiled 30 
pipe filled with a CO oxidizing catalyst therein and is 
introduced within the second duct 44 so as to extend 
from bottom to top while being wound spirally in the sec- 
ond duct 44. The CO oxidizing unit 4 has a lower end 
portion fluid-connected with a lower end portion of the 35 
shift reaction unit 3 through a connection tube. This con- 
nection tube is provided with an air supply passage 5 for 
the introduction of air necessitated by and in the CO oxi- 
dizing unit 4. The CO oxidizing unit 4 has an upper end 
portion fluid-connected with a reformed gas discharge 40 
passage 7 for drawing the reformed gas outwardly 
therethrough. 

[0095] The second duct 44 has a lower end portion 
provided with an air supply passage 45 through which 
an external air is introduced into it. 45 
[0096] In this reforming apparatus, when the lid 42 is 
dosed to close the main discharge port 41 as shown in 
Fig. 27(A) and combustion takes place within the com- 
bustion chamber 1 r the combustion exhaust gas from 
the combustion chamber 1 flows downwardly through 50 
the first duct 43 and subsequently flows upwardly 
through the second duct 4 before it is discharged to the 
outside. At this time, the reforming reaction unit 2 is 
exposed to and heated by the combustion gas of an ele- 
vated temperature within the combustion chamber 1, 55 
and the shift reaction unit 3 within the first duct 43 and 
the CO oxidizing unit 4 within the second duct 44 are 
heated by the combustion exhaust gas emerging out- 
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wardly from the combustion chamber. In this way, each 
of the reaction units is preheated 
[00971 On the other hand, when the lid 42 is removed 
to open the exhaust port 41 as shown in Fig. 27(B), the 
combustion exhaust gas from the combustion chamber 
1 is discharged mainly from the main discharge port 41 
and flows little through any one of the first and second 
ducts 43 and 44. At this time, the shift reaction unit 3 is 
heated by the radiation and heat transmission in solid 
from the combustion chamber 1 and also by the heat 
evolved in the reforming gas flowing therethrough. 
Accordingly, the shift reaction unit 3 can have its tem- 
perature controlled to a lower value than that of the 
reforming reaction unit 2. On the other hand, the CO 
oxidizing unit 4 is heated by the radiation and heat 
transmission in solid from the shift reaction unit 3 and 
the first duct 43 and aJso by the heat evolved in the 
reforming gas flowing therethrough. This CO oxidizing 
unit 4 has a temperature controlled to a value lower than 
that of the shift reaction unit 3 since it is not heated by 
the combustion exhaust gas and, also, the radiation and 
the heat transmission in solid have been weakened as 
compared with those in the shift reaction unit 3. Where 
the temperature of the CO oxidizing unit 4 is desired to 
be controlled to a further lower value, the external air 
has to be introduced from the air supply passage 45 into 
the second duct 44. 

[0098] As described above, with the reforming appa- 
ratus, at the time of initial run of the apparatus before an 
actual production of the reformed gas, both of the 
reforming reaction unit 2 and the shift reaction unit 3 
and the CO oxidizing unit 4 can be preheated by effect- 
ing combustion within the combustion chamber 1 while 
the first lid 41 has been closed whereas during routine 
run of the apparatus, the first lid 41 opened to allow the 
temperature of each of the units to be controlled opti- 
mally. 

Industrial Applicability 

[0099] The reforming apparatus according to the 
present invention is useful in providing a reformed gas 
for use as an electricity generating fuel in, for example, 
fuel cells. That is, with the reforming apparatus, since 
the temperature of and in each of the reaction units can 
be controlled optimally, the high-quality reformed gas 
with the CO concentration reduced sufficiently can be 
manufactured. In particular, since each of the reaction 
units is integrally incorporated, it is easy to design com- 
pact and is effective to downsize the fuel cell system. 

Claims 

1. A reforming apparatus comprising an integrated 
structure of three separate units, which comprises: 

a raw material reforming unit for steam-reform- 
ing a raw material to be reformed and produc- 
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ing a reformed gas containing hydrogen as a 
principal component, including a heat source 
that generates heat by combustion of a fuel 
gas. operable to directly obtain heat for the 
steam reformation reaction from said heat 5 
source; 

a shift reaction unit for decreasing CO con- 
tained in the reformed gas, that was produced 
in said raw material reforming unit, by water- 
gas-shift reaction; and Tn 
a GO oxidation unit for further degr easing GO 
contained in the resultant reformed gas, that 
was treated in said shift reaction unit, by oxida- 
tion. 

said raw material reforming unit, said shift reac- is 
ton unit and said CO oxidation unit being 
arranged in a manner that said shift reaction 
unit and said CO oxidation unit can be indi- 
rectly heated by heat transfer from the heat 
source of said raw material reforming unit. 20 

2. The reforming apparatus according to claim 1, 
wherein said raw material reforming unit, said shift 
reaction unit and said CO oxidation unit are con- 
centrically arranged relative to each other with at 25 
least said CO oxidation unit placed on an outer 
peripheral side of the reforming apparatus. 

3. The reforming apparatus according to claim 2, 
wherein said raw material reforming unit comprises 30 
a generally cylindrical combustion chamber as the 
heat source and a reforming reaction unit for 
steam-reforming the raw material to produce the 
reformed gas, containing hydrogen as a principal 
component, said reforming reaction unit, said shift 55 
reaction unit and said CO oxidation unit are con- 
centrically arranged relative to said combustion 
chamber. 

4. The reforming apparatus according to claim 3. 40 
wherein said reforming reaction unit is concentri- 
cally accommodated with said combustion cham- 
ber. 

5. The reforming apparatus according to claim 3, 45 
wherein said reforming reaction unit is arranged 
around said combustion chamber in contact there- 
with. 

6. The reforming apparatus according to any one of so 
claims 3 to 5, further comprising an incombustible 
core arranged at the center of said combustion 
chamber. 

7. The reforming apparatus according to claim 5 or 6, 55 
wherein both of said shift reaction unit and said CO 
oxidation unit are arranged around said reforming 
reaction unit. 
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8. The reforming apparatus according to claim 7. fur- 
ther comprising a partition wall having a function of 
regulating heat transfer, the partition wall being 
interposed between said reforming reaction unit 
and both of said shift reaction unit and said CO oxi- 
dation unit. 

9. The reforming apparatus according to claim 7 or 8, 
wherein said reforming reaction unit and said shift 
reaction unit are connected by a flow path detouring 
outside both of said shift reaction unit and said CO 
oxidation unit 

10. The reforming apparatus according to any one of 
claims 7 to 9, wherein said shift reaction unit is 
arranged on a side adjacent to a high temperature 
zone of said reforming reaction unit and said CO 
oxidation unit is arranged on a side adjacent a low 
temperature of said reforming reaction unit, so as to 
be in conformity to a temperature distribution within 
said reforming reaction unit. 

11. The reforming apparatus according to any one of 
claims 1 to 6, wherein said shift reaction unit and 
said CO oxidation unit are respectively arranged in 
a position which is heated by a burned exhaust gas 
from said heat source of said raw material reform- 
ing unit. 

12. The reforming apparatus according to any one of 
claims 3 to 6, further comprising an exhaust cham- 
ber in which a burned exhaust gas from said com- 
bustion chamber directly flows, wherein said 
exhaust chamber is oositioned adjacent to and 
coaxially above said combustion chamber said shift 
reaction unit being arranged around said exhaust 
chamber, said CO oxidation unit being arranged 
around said shift reaction unit. 

13. The reforming apparatus according to claim 12, fur- 
ther comprising an air intake for introducing fresh 
air in between said combustion chamber and said 
exhaust chamber. 

14. The reforming apparatus according to claim 12 or 
13, further comprising a secondary heating means 
for heating said exhaust chamber. 

15. The reforming apparatus according to any one of 
claims 12 to 14, further comprising an exhaust vent 
for discharging the burned exhaust gas in said 
exhaust chamber to the outside, a shutter means 
for selectively opening and closing said exhaust 
vent, a first duct which is separated from said 
exhaust chamber and interposed between said shift 
reaction unit and said CO oxidation unit, and a sec- 
ond duct which is f I ukJ -connected with said first duct 
and arranged around said CO oxidation unit 
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16. The reforming apparatus according to claim 15. fur- 
ther comprising an air intaKe tor introducing fresn 
air into said first duct. 

17. The reforming apparatus according to any one of s 
claims 12 to 16, further comprising an incombusti- 
ble core arranged at the center of said exhaust 
chamber. 

18. The reforming apparatus according to any one of w 
claims 3 to 17 wherein at least one of said reform- 
ing reaction unit, said shift reaction unit and said 
CO oxidation unit is provided on a surface thereof 
with a heat transfer material having a higher heat 
conductivity than that of a material composing of is 
said surface. 

19. The reforming apparatus according to any one of 
claims 3 to 18, wherein said CO oxidation unit has 

an outer surface thereof provided with fins for heat 20 
dissipation 

20. The reforming apparatus according to any one of 
claims 3 to 6, further comprising a main exhaust 
chamber in which a burned exhaust gas from sajd 25 
combustion chamber directly flows, a main exhaust 
vent for directly discharging the burned exhaust gas 

in said main exhaust chamber to the outside, a 
shutter means for selectively opening and closing 
said main exhaust vent, a first duct which is sepa- 30 
rated from said main exhaust chamber and fluid- 
connected thereto and is arranged around said 
main exhaust chamber, and a second duct which is 
fluid -connected with said first duct and arranged 
around said first duct, said shift reaction unit being 35 
placed in said first duct, said CO oxidation unrt 
being placed in said second duct. 

21 . The reforming apparatus according to claim 20, fur- 
ther comprising an exhaust sub-vent for discharg- 4C 
ing a burned exhaust gas within said first duct to the 
outside, and a shutter means for selectively open- 
ing and closing said exhaust sub-vent. 

22. The reforming apparatus according to claim 20 or 45 
21 , wherein at least one of said reforming reaction 
unit, said shift reaction unit and said CO oxidation 
unit is formed into a coil-like shape. 

23. The reforming apparatus according to any one of so 
claims 20 to 22, further comprising an air feed 
channel for introducing fresh air into said second 
duct. 

24. The reforming apparatus according to any one of 55 
claims 1 to 23, wherein at least a portion of a raw 
material feed cnannei for feeding the raw material 
and steam to said raw material reforming unit is 
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arranged in a position in which the raw material and 
the steam are preheated by heat from the heat 
source of said raw material reforming unit. 

25. The reforming apparatus according to claim 24. 
wherein at least a portion of said raw material feed 
channel is held in contact with the surface of at 
least one of said reforming reaction unit, said shift 
reaction unit and said CO oxidation unit 

26. The reforming apparatus according to claim 24, 
wherein at least a portion of said raw material feed 
channel is arranged at a position able to be con- 
tacted with the burned exhaust gas from the heat 
source of said raw material reforming unrt. 

27. The reforming apparatus according to claim 24. 
wherein at least a portion of said raw material feed 
channel is arranged at such a position that it can be 
directly heated by the heat source of said raw mate- 
rial reforming unit. 

28. The reforming apparatus according to any one of 
claims 1 to 27, wherem at least a portion of a fuel 
feed channel for feeding fuel to the heat source of 
said raw material reforming unit is arranged at a 
position able to be preheated by heat from the heat 
source of said raw material reforming unit. 

29. The reforming apparatus according to any one of 
claims 1 to 28, further comprising a combustion cat- 
alyst held in said heat source and a preheating 
means for preheating the combustion catalyst, 
wherein the heat source of said raw material 
reforming unit generates heat by catalytic combus- 
tion. 

30. A reforming apparatus comprising an integrated 
structure of four separate units, which comprises: 

a combustion unit for generating heat by com- 
bustion of a fuel gas; 

a reforming reaction unit for steam-reforming a 
raw material and producing a reformed gas 
containing hydrogen as a principal component; 
a shift reaction unit for decreasing CO con- 
tained in the reformed gas, that was produced 
in said raw material reforming unit, by water- 
gas-shift reaction; and 

a CO oxidation unit for further degreasing CO 
contained in the resultant reformed gas, that 
was treated in said shift reaction unit, by oxida- 
tion, 

said reforming reaction unit being directly 
heated by said combustion unit so that the tem- 
perature in said reforming reaction unit is con- 
trolled in the range of 400 to 1000°C. said shift 
reaction unit being indirectly heated by heat 
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transfer from said combustion unit so that the 
temperature in said shift reaction unit is control- 
led in the range of 200 to 350° C, said CO oxi- 
dation unit being indirectly heated by heat 
transfer from said combustion unit so that the 5 
temperature in said CO oxidation unit is con- 
trolled in the range of 100 to 250°C. 
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